Schistosoma mansoni surface membrane components play a relevant role in the host-parasite interaction, and some are released in vivo as circulating antigens. n-Butanol extraction favors the release of membrane antigens like alkaline phosphatase, which has been shown to be specifically recognized by antibodies from S. mansoniinfected humans and animals. In the present study, components in the n-butanol extract (BE) of the adult S. mansoni worm membrane fraction were separated by one-dimensional sodium dodecyl sulfate-polyacrylamide gel electrophoresis (1D SDS-PAGE [15%]) and further analyzed by immunoblotting (immunoglobulin G) using defined sera. S. mansoni-infected patient sera, but not sera of uninfected patients or sera obtained from patients infected with other parasite species, specifically and variably recognized up to 20 polypeptides in the molecular mass range of ϳ8 to >80 kDa. There were some differences in the number, intensity, and frequency of recognition of the BE antigens among sera from Venezuelan sites of endemicity with a different status of schistosomiasis transmission. Antigens in the 28-to 24-kDa molecular mass range appeared as immunodominants and were recognized by S. mansoni-positive sera from all the sites, with recognition frequencies varying between 57.5 and 97.5%. Immunoblotting with BE membrane antigens resulted in a highly sensitive (98.1%), specific (96.1.0%), and confirmatory test for the immunodiagnosis of schistosomiasis in low-transmission areas.
In Venezuela, intestinal schistosomiasis caused by Schistosoma mansoni is distributed in the central-northern region of the country. Diagnosis of schistosomiasis relied for many years on the finding of parasite eggs in the feces. After decades of successful national programs to control the disease, the prevalence (as assessed by coprologic examination) decreased to 1.4% in 1996 (3) and the intensity of the infection, as assessed by the number of schistosome eggs per gram of feces, decreased to less than 100 eggs per gram, with most carriers becoming asymptomatic; disease transmission became low, but the disease was never eradicated. In this epidemiological situation, coprological analyses became insensitive to detect infections and serodiagnosis emerged as a valid diagnostic alternative to estimate infections (4) . Based on serology, prevalence figures increased in low-transmission areas (4) . Particular attention was thus given to identify and characterize sensitive and specific Schistosoma antigens to obtain better diagnoses in these areas. A few defined soluble antigens were reported to show high sensitivity and specificity in such areas (15, 25) . Other studies provided evidence for the relevant antigenicity of some S. mansoni membrane components (22, 27) . Adult S. mansoni membrane-bound enzymes, like alkaline phosphatase, acid phosphatase, type I phosphodiesterase, and Ca 2ϩ -ATPase, present in n-butanol extracts (BE) (8, 18, 19) , were shown to be antigenic when tested in enzyme immunoassays (9) . The antigenic property of the S. mansoni alkaline phosphatase was used for the development of a new diagnostic test called an alkaline phosphatase immunoassay (APIA), which takes direct advantage of the intrinsic catalytic activity of the antigen. This assay has been successfully used to detect exposure to S. mansoni in low-transmission areas (4, 8, 9, 17) . Besides the above-mentioned enzymes, other adult S. mansoni worm membrane components are known to be present in the BE (10, 18) . In the present work, we report the results of an immunoblot analysis performed with BE and sera of S. mansoni-infected patients, uninfected patients, or patients infected with other parasite species from Venezuelan sites endemicity with a different status of schistosomiasis transmission; results revealed that BE antigens proved very sensitive and specific for diagnosis and/or for diagnosis confirmation of other schistosomiasis tests in low-transmission areas.
MATERIALS AND METHODS
Patients and examinations. Sera used in this study were selected from a universe of blood samples ethically collected from volunteers in field work performed between 1997 and 2000 by medical personnel from the Venezuelan Ministry of Health (Maracay, Venezuela), Instituto Venezolano de Investigaciones Científicas, and the Institute for Tropical Medicine (Universidad Central de Venezuela, Caracas, Venezuela) in four different communities of the Venezuelan area of endemicity (5) . The sites of endemicity and their epidemiological characteristics were as follows: (i) "José Leonardo Chirinos" (hereafter referred to as J.L. Chirinos; Carabobo State), a relatively recently established marginal urban transmission site south of the city of Valencia with about 1% of captured snails eliminating S. mansoni cercariae and 2.0% of people (19 years old on average) excreting a low number of S. mansoni eggs in the feces (5) . (ii) Caraballeda (Vargas State), an older marginal urban site where transmission ceased about 21 years before blood collection, with no vector snails in the area but with 9.2% of the examined population (35 years old on average) still excreting S. mansoni eggs in feces (5); these people probably remained undiagnosed and untreated until blood collection. (iii) Belén (Carabobo State), a traditional rural past-transmission site that became reemergent a few years before blood collection, with about 1% of the captured snails eliminating S. mansoni cercariae and 88.8% of the examined people (21 years old on average) excreting eggs in the feces (5) . (iv) San Sebastián de los Reyes (Aragua State), a rural site which was endemic for schistosomiasis in the past, with no vector snails and without transmission for the last 30 years; all the people examined (23 years old on average) had no eggs in the feces and showed negative serology. Diagnosis for schistosomiasis was performed with four different tests per individual: Kato-Katz (KK) analysis (12) , the circumoval precipitating test (COPT) (16) , enzyme-linked immunosorbent assay (ELISA) (26) using standard soluble egg antigen (SEA), and APIA (17) ; all these techniques were previously used in field work reported by Alarcón de Noya et al. (4, 5) and Cesari et al. (10) . For the aim of the present study, we selected 40 positive sera (by the above-mentioned tests) from the four different sites (see Table 1 , below). We also selected and evaluated 36 sera from patients of the above endemic areas harboring other infectious agents (19 Parasites. Adult S. mansoni (Venezuelan JL strain) worms were obtained by perfusion (11) of hamsters infected with 400 cercariae 7 weeks before, washed in sterile saline, and frozen at Ϫ80°C until used.
Membrane antigen preparation. Adult S. mansoni worms were homogenized in Potter-Elvejhem at 4°C with 50 mM Tris-HCl, pH 8.0, containing 1 mM MgCl 2 (Tris-Mg buffer). The worm homogenate was centrifuged in a Beckman L8-M ultracentrifuge using an SW65 rotor for 2 h at 100,000 ϫ g and 4°C; after withdrawing the supernatant, the particulated pellet was washed two times with the same buffer and recentrifuged as above. The pellet was resuspended in Tris-Mg buffer, extracted with 50% (vol/vol) water-saturated n-butanol, and mixed vigorously at room temperature, and the suspension was centrifuged for 15 min at 14,000 ϫ g and 4°C. The aqueous phase was recovered and dialyzed overnight against Tris-Mg buffer, pH 8.0, and designated as BE (18) . Since BE components could slowly aggregate and/or precipitate at 4°C, Triton X-100 (0.1% final concentration [wt/vol]) was added to the extract to keep them in solution. Sodium azide (0.02% [wt/vol]) was also added, the extract was centrifuged at low speed, and the supernatant was filtered through a 0.22-m-pore-size Millipore membrane and stored at 4°C until used. Protein content in BE samples was determined according to the method of Bradford (6), using bovine serum albumin as the standard protein.
Electrophoresis and immunoblot assay. Homogeneous nonreducing one-dimensional sodium dodecyl sulfate-polyacrylamide gel electrophoresis (1D SDS-PAGE) at 15% (wt/vol) was carried out as described by Laemmli (14) in minigels (6 by 9 cm) in a Mini-Protean II electrophoresis chamber (Bio-Rad Laboratories). BE components (250 l; 0.58 mg/ml) were separated at 200 V (constant). Prestained molecular weight standards (GIBCO) were run simultaneously on the same gel. BE polypeptides were then electrophoretically transferred onto nitrocellulose (NC; 0.45 m; Hybond ECL; Amersham) in a semidry blotter (BioRad) at 90 mA for 90 min at 5°C in 25 mM Tris, 192 mM glycine, and 20% methanol (24) . Free-reacting sites on NC were blocked with 5% skimmed milk in Tris-buffered saline (0.01 M; pH 8.2) containing 1% Tween 20 under constant agitation for 2 h at room temperature. NC strips were cut (2 mm wide), and individual strips were incubated at room temperature under constant agitation for 90 min with the respective serum sample diluted 1:100 in blocking solution. The strips were next washed with Tris-buffered saline containing 0.05% Tween 20 to remove unbound serum components and then incubated for 90 min at room temperature with a second antibody (anti-human immunoglobulin G [IgG] peroxidase conjugate; Sigma) diluted 1:5,000 in blocking solution. Immune reactions were detected by autoradiography on Hyperfilm (Amersham) and using a peroxidase chemiluminescent substrate (ECL detection system; Amersham). Films were registered with an EPSON Expression 1600 scanner, and molecular weights of antigens were analyzed with the LabWorks-UVP software. The criterion for immunoblot positivity was the presence of at least one specific Schistosoma band in the blot. Sensitivity was calculated by dividing the number of individuals positive in immunoblot assay that were also positive by other S. mansoni tests (combined results) by the total number of individuals testing positive by these tests, ϫ 100. Specificity was calculated by dividing the number of individuals negative on immunoblotting that were also negative by other S. mansoni tests (combined results) by the total number of individuals testing negative by these tests, ϫ 100.
RESULTS
Immunoblot assays (IgG antibodies) were performed with sera from patients of different Venezuelan transmission sites. S. mansoni-positive sera reacted with about 19 to 20 BE polypeptides ranging from 8 to Ͼ80 kDa ( Fig. 1 to 3) . Sera from San Sebastián de los Reyes (Fig. 4a ) and most sera from S. mansoni-negative individuals infected with other parasite species (Fig. 4b) were negative in immunoblot assays with BE antigens. Recognition of BE antigens by S. mansoni-positive sera showed individual and site-related differences regarding the number, intensity, and frequency of recognition of antigen bands ( Fig. 1 to 3 ). Serial dilutions (1:50, 1:100, 1:250, and 1:500) mostly affected the intensity of recognition, with weaker bands disappearing at dilutions higher than 1:250; a 1:100 dilution was considered suitable for a comparative immunoblot analysis. Under these conditions, we obtained the following results: (i) all Belén patient sera tested (n ϭ 40) selected as positive by KK, COPT, ELISA (SEA), and/or APIA were also positive by immunoblotting (Table 1) ; the recognition frequency of BE antigens was mainly as follows (antigen size in kilodaltons): 28 (97.5%) Ͼ 24 (95%) Ͼ 9 (90%) Ͼ 63 (87.5%) Ͼ 52 (85%) Ͼ 22/20 doublet (77.5%) Ͼ 12 (75%) Ͼ 31 and 14 (72.5%) Ͼ 16 (67.5%) Ͼ 15 (62.5%) Ͼ 17 (60%) Ͼ 13 and 10 (50%), with other antigens being recognized with frequencies lower than 50% (Fig. 1) . On the other hand, the intensity of antigen recognition was as follows (antigen size in kilodaltons): 28 Ͼ 24 Ͼ 22/20 Ͼ 12 Ͼ 9 Ͼ 63 Ͼ 52 Ͼ 17 Ͼ 14 Ͼ other antigens (Fig. 1). (ii) Thirty-eight out of 40 Caraballeda patient sera, selected as positive by the above criteria, were also positive by immunoblotting (Table 1) ; recognition frequencies of BE antigens were as follows (in kilodaltons): 28 (90%) Ͼ 24 (80%) Ͼ 9 (70%) Ͼ 63 and 12 (65%) Ͼ 52 (60%) Ͼ 22/20 doublet (57.5%) Ͼ 13 (52.5%), with other antigens being recognized with frequencies lower than 50% (Fig. 2) . Intensity of the antigens in Caraballeda was as follows (in kilodaltons): 28 Ͼ 24 Ͼ 22/20 Ͼ 12 Ͼ 39 Ͼ 9 Ͼ 63 Ͼ 17 Ͼ 52 Ͼ other antigens; apparently, the weak 8-kDa antigen was not seen in Caraballeda sera (Fig. 2) . (iii) Thirty-five out of 40 selected positive sera from J.L. Chirinos were also positive by immunoblotting (Table 1) ; frequency recognition was the following (antigen size in kilodaltons): 28 (75%) Ͼ 63 (67.5%) Ͼ 24 (57.5%) Ͼ 9 (52.5%), with other antigens showing recognition frequencies lower than 50% (Fig. 3) . Intensity of the antigens was as follows (in kilodaltons): 28 Ͼ 24 Ͼ 22/20 Ͼ 12 Ͼ 63 Ͼ 9 Ͼ 17 Ͼ 14 Ͼ other antigens (Fig. 3) .
The 28-kDa component was the most strongly and the most frequently recognized (75.0 to 97.5%) BE antigen in all S. mansoni-positive sites (Fig. 1 to 3) ; recognition of this antigen persisted even after sera were diluted 1:500 (data not shown). However, the intensity and the frequency of recognition for a given antigen were not always coincident among sites, and this made the difference between sites. The 24-kDa antigen (strong intensity) and the 9-kDa antigen (moderate intensity) were second in recognition frequency after the 28-kDa antigen in Belén and Caraballeda but not in J.L. Chirinos, where the 63-kDa antigen (moderate intensity) was second in importance ( Fig. 1 to 3) . The immunodominant 22/20-kDa doublet and the 12-kDa antigens were frequently seen in Belén and Caraballeda but not in J.L. Chirinos sera (Fig. 1 to 3 Fig. 1 to 3) were seen between sites. A two-by-two table was created with the 160 sera data from the four sites under study ( Fig. 1 to 4 ) to compare positive and negative results obtained by KK, COPT, ELISA, and/or APIA with the positive and negative results obtained by immunoblotting for the same universe of sera. The immunoblotting performed with BE antigens showed 98.1% sensitivity and 96.1% specificity (data not shown).
DISCUSSION
Many membrane-bound schistosome components are targets for the host immune response against the parasite and have been reported to be relevant to host-parasite relationships (21) (22) (23) . Some of these components can be extracted into the aqueous phase obtained after n-butanol treatment of membranous parasite suspensions. In adult S. mansoni worms, several BE membrane proteins have been shown to be glycosylated and/or have phosphoesterase activities like alkaline phosphatase, type I phosphodiesterase, acid phosphatase, and Ca 2ϩ -ATPase (8, 18) . Some of the BE components show antigenicity when confronted with infected mouse serum (18) and were studied in this work by nonreducing 1D SDS-PAGE (15%) and immunoblotting with sera of different Venezuelan infected human patients. Venezuelan sites of schistosomiasis endemicity are generally characterized by low disease transmission (3) (4) (5) . Currently, about 70% of infected people in those sites show low intensity of infection (Ͻ100 eggs/g of feces) (5). All-or-nothing results were seen between S. mansoni-positive and -negative sera, and only S. mansoni-positive sera were found to be immunoreactive with about 19 to 20 BE polypeptide antigens, supporting an elevated specificity for the immunoblotting analysis with these antigens (Fig. 1 to 4) . Indeed, when the presence of at least one specific BE antigenic band was taken as a criterion for positiveness, the immunoblot analysis, when compared to diagnostic results obtained by other schistosomiasis tests like KK, COPT, ELISA, and/or APIA, appeared as a highly sensitive (98.1%) and specific (96.1%) assay. In general, there was a similar pattern of recognition for most BE antigens between sites; nevertheless, immune recognition of some BE antigens was variable and apparently site related. The 28-kDa component was immunodominant and the most frequently recognized BE antigen by sera from all the sites (97.5% in Belén, 90.0% in Caraballeda, 75.0% in J.L. Chirinos). Second in importance was the 24-kDa antigen for Belén (95%) and Caraballeda (80%) sera, although J.L. Chirinos sera saw the 63-kDa antigen (72.5%) as the second most important antigen ( Fig. 1 to 3) . The 22/20-kDa doublet and the 12-kDa antigen were also immunodominant, and they were frequently seen in Belén and Caraballeda sera but not in J.L. Chirinos sera, which recognized other antigens (52 and 9 kDa) with higher frequency (Fig. 1 to 3 ). In general, sera from Belén (a reemergent transmission site) recognized a higher number of bands, and about 75% of the antigens were recognized with higher frequency than in the other two sites. The antigenic pattern recognized by Caraballeda sera followed in complexity that seen in sera from Belén. In Caraballeda, schistosomiasis transmission ceased about 21 years before blood collection, but coprology analysis indicated that 9.2% of the people were still harboring an S. mansoni infection at the moment of blood collection (5) . Only adult patients were found positive (mean age, 35 years old) compared to the other two sites (ca. 20 years old), because no more transmission was present. Except for a few antigens, sera from J.L. Chirinos recognized antigens having masses of Ͻ24 kDa, with a lower frequency than in sera from Belén and Caraballeda ( Fig. 1 to  3) . Most of the above antigen recognition differences between sites persisted after sera were diluted 1:250, although the less intense bands disappeared at higher dilutions (data not shown), suggesting that some qualitative and quantitative differences were intrinsic properties of sera. We do not know exactly why there are such differences, but they could be related to (i) the elapsed time of chronic infection within the host (an unknown factor to us); (ii) the actual parasite charge; (iii) differential response (could be a result of antigenic variability among S. mansoni local parasite strains); (iv) differential immune response from the local population; (v) an unbalanced schistosome sex ratio that might occur in low-transmission areas and with the presence of a sex-related immune response. The more complex response observed with sera from Belén (Fig. 2) may be related to reinfections and higher parasitic charges present in that site. However, when the number of (Fig. 4a) . Sera of people that tested negative for S. mansoni but positive for other parasitosis (n ϭ 36) did not recognize BE antigens except for three sera that recognized polypeptides of 71, 38, 34, and 12 kDa not associated with a particular parasite species, supporting the specificity of BE antigen recognition (Fig. 4b) . Preliminary analyses of sera from patients infected with S. haematobium, S. intercalatum, S. japonicum, or S. mekongi indicate a lack of cross-reaction with S. mansoni BE antigens, in particular with the 28-and 24-kDa antigen complex, supporting the view that they may be species specific. Recognition of these antigens by sera of S. mansoni-infected people from the French Caribbean island of Guadeloupe and from Senegal supports this assumption (unpublished data). It was difficult to relate the observed S. mansoni BE membrane antigens with those membrane antigens reported in the literature. Nonetheless, in 1974 Sher et al., using n-butanol, extracted glycoproteins of 21 and 33 kDa from adult worm membranes that were able to induce a lethal antibody response against schistosomula in vitro; however, this response did not play an important protective role in vivo (21) . BE antigens seen in the 20-to 35-kDa range ( Fig. 1 to 3 ) may correspond to the abovereported antigens. Butterworth et al. (7) described a 24.5-kDa tegumental membrane antigen that correlated to resistance in S. mansoni-infected humans. On the other hand, Smithers et al. (22) , by using immunoblotting, reported that the principal antigens recognized by antibodies from mice protectively vaccinated with tegumental membranes showed molecular masses of 25, 15, and 13 kDa. The Sm13 tegumental antigen (1) and a calcium binding protein of 8 kDa known as Sm8 (2, 20) were specifically recognized in immunoblotting with sera of schistosomiasis patients. On the other hand, a 36-kDa antigen (15) and a highly immunogenic Sm31/32 protein fraction (homologous to S. mansoni cathepsin B and asparaginyl endoprotease, respectively) (25) were found to be useful serologic markers for diagnosing and for differentiating by immunoblotting be- tween acute and chronic schistosomiasis infection in low-transmission areas. However, these antigens are soluble adult worm antigens (SAWA) and probably are not homologous to the antigens seen in our membrane preparation.
Although differences in molecular mass might result in some cases from different extraction procedures, most antigens tested in our present study were insoluble membrane-bound components and needed n-butanol to be released from the washed adult worm membrane fraction; most soluble proteins in a SAWA preparation are usually inactivated by this solvent. In addition, rabbit polyclonal antibodies to specific antifusion proteins MS2Sm31 and MS2Sm32 (kindly given to us by M.-Q. Klinkert) (13) did not see antigens in our BE preparation, although they were able to recognize their specific antigens in SAWA and in adult worm vomitus (data not shown). Characterization of the bands by using available monoclonal antibodies for known antigens might underline the relevance of BE antigens in diagnosis and in the host-parasite relationship. The immunological mechanisms responsible for the differential pattern observed will be difficult to explain until the structural nature of these bands has been identified. As a main conclusion, we can say that immunoblotting with extracted membrane antigens may represent an additional very helpful diagnostic 
